Endotoxin induced hyperlactatemia and hypoglycemia is linked to decreased mitochondrial phosphoenolpyruvate carboxykinase.
Phosphoenolpyruvate carboxykinase (PEPCK) is the rate limiting enzyme for gluconeogenesis, and plays a key role in recycling lactate for glucose production. It is synthesized as two separate isoforms; cytosolic (PEPCK-C, gene code; PCK1) and mitochondrial (PEPCK-M, gene code; PCK2). Previous studies of gluconeogenesis in endotoxemia have focused solely on PCK1. We investigated the relative roles of the two isoforms in hepatic and renal gluconeogenesis in a rat model of endotoxic shock, and in cultured hepatocytes. Rats were administered lipopolysaccharide (6 mg/kg; LPS) for 6 h. Cultured cells were incubated with lactate (5 mM) with or without tumor necrosis factor alpha (1 - 10 ng/ml). Rat liver and kidney samples as well as cultured cells were subjected to subcellular fractionation to produce mitochondrial and cytosolic fractions for PEPCK activity assay. PCK1 and PCK2 mRNA levels were measured using quantitative RT-PCR. In rat endotoxemia, hepatic PCK2 mRNA and PEPCK-M enzyme activity decreased by 53% and 38%, compared to sham controls. Hepatic PCK1 mRNA levels increased by 44%, but PEPCK-C enzyme activity remained unchanged. The changes in hepatic PEPCK-M coincided with a marked hypoglycemia and hyperlactatemia as well as elevated plasma interleukin 1 beta (IL1beta). Incubation of cultured hepatocytes with TNF-alpha inhibited lactate-induced increases in glucose production, PCK2 mRNA levels and PEPCK-M enzyme activity but had no effect on PCK1 mRNA levels or PEPCK-C activity. These results indicate that decreases in hepatic PEPCK-M play a key role in the manifestation of hyperlactatemia and hypoglycemia in endotoxemia.